Numerous fluorescein-labeled antibody systems are under investigation using the labeling procedures described by Coons and Kaplan (1950) and modified by Riggs et al. (1958) , and Marshall, Eveland, and Smith (1958) . A labeling ratio of 1 part dye to 20 parts protein (0.05 mg dye per mg protein) was employed by these investigators. In the labeling of antisera or fractions of antisera, difficulties with nonspecific background staining have been experienced by various workers. Also, variations in purity of fluorescein derivatives have contributed to problems in the preparation of satisfactory conjugates. A current review of the fluorescent antibody method by Beutner (1961) includes a discussion of the technical procedures, applications, and problems associated with the method.
The introduction of crystalline fluorescein isothiocyanate (FITC) of high chromatographic purity (Felton and McMillion, 1961) 
MATERIALS AND METHODS
Conjugation of globulin fraction. Labeling procedures were performed with the globulin fractions of group A streptococcal antiserum, antirabies serum, and antihuman serum, which were obtained by conventional half-saturation with ammonium sulfate at 4 C. Precipitated globulin was dissolved in distilled water and dialyzed against 0.85% sodium chloride until the dialyzate was free of sulfate. Following dialysis, the globulin solution was diluted to approximately 2.5 g protein per 100 ml and adjusted to pH 9.5 by adding 0.5 M carbonate-bicarbonate buffer. Crystalline FITC was added directly to the chilled, stirred globulin solution (Marshall et al., 1958) , but with variations in: (i) the ratio of dye to protein and (ii) the duration of conjugation. Dye-to-protein labeling ratios selected for investigation were 1 :10 (0.10 mg dye per mg protein), 1:20 (0.05 mg dye per mg protein), 1:40 (0.025 mg dye per mg protein), and 1:80 (0.0125 mg dye per mg protein). Durations of conjugation selected were 30 min, 1 hr, 6 hr, and 23 hr. Immediately following conjugation, the labeled globulin was dialyzed with continuous agitation against 0.01 M phosphatebuffered saline (pH 7.4), then diluted to approximately 1.0 g protein per 100 ml and absorbed once on acetone-dried animal tissue powders where necessary.
Preparation and staining of smears. 1) Group A streptococcus and normal mouse brain impression smears:-Streptococcus smears were made with suspensions from the surface growth of slants and fixed in ethanol (Moody, Ellis, and Updyke, 1958) . Impression smears of normal mouse brain were fixed in the same manner to provide an indication of nonspecific background staining. Staining was accomplished by covering both bacterial and normal mouse brain impression smears with serial dilutions of conjugates and placing them at 37 C for 30 min in a moist atmosphere. The slides were then rinsed in three changes of phosphatebuffered saline, dried, and mounted with buffered glycerol (pH 8.4).
2) Rabies-infected mouse brain smears:-The technical procedures for preparation and staining of smears of rabid mouse brain and proof of specificity of observed staining were as described previously (Goldwasser et al., 1959) .
3) Treponema pallidum (Nichols strain) smears: -Smears were prepared and stained by the indirect procedure employing antihuman conjugates according to the methods of Deacon, Falcone, and Harris (1957) and Deacon, Freeman, and Harris (1960) .
Evaluation of conjugates. Group A streptococcal conjugates were evaluated on the basis of: (i) specific staining titer against group A streptococci, (ii) nonspecific staining titer against normal mouse brain impression smears, and (iii) fluorescein-to-protein (F:P) ratios (Coons and Kaplan, 1950; Goldwasser and Shepard, 1958 F: P ratios of conjugates were highest for globulin labeled at a 1 :10 ratio and decreased as the ratio of dye to protein was decreased. Also, the F :P value became higher as the duration of conjugation was increased at each dye to protein level studied. It is interesting to note that at the 1:80 level, where F:P values were lowest, the staining titers were also lowest.
Direct staining of rabies virus antigen. A similar study of labeling ratios and reaction times was conducted using rabies virus as a model system. In this virus system, optimal conjugation was obtained using labeling ratios 1:40 or 1:80 with a reaction time of 6 hr or more. Nonspecific background staining was remarkably diminished when compared to that obtained when the widely used labeling ratio of 1:20 was employed. No decrease in brightness of specific staining was noted at 1 :40 and 1:80 ratios. Conjugates labeled at the 1:80 ratio could be used after 2-fold dilution in normal rabbit brain suspension, whereas those labeled at the 1:40 ratio required one or two tissue powder absorptions prior to use. Four or five tissue powder absorptions were commonly required when rabies conjugates were prepared at the 1:20 ratio using crystalline FITC. Antirabies conjugate prepared at a ratio of 1:80 was further tested for stability. Samples were stored at temperatures of 4 C, -20 C, and -70 C and tested at intervals. At the end of 7 months, no decrease in the brightness of staining and no increase in the degree of nonspecific background staining was noted.
Indirect staining of T. pallidum (Nichols strain). A third, but more limited study was conducted using an indirect staining system consisting of T.
pallidum (Nichols strain), human syphilitic serum, and fluorescein-labeled antihuman globulin. Optimal results were again obtained using labeling ratios of F:P of 1:40 and 1:80. The reaction time in this case was selected as 18 hr for convenience.
DISCUSSION
The significance of the results reported here appears to be that: (i) by the use of lower dye-toprotein labeling ratios, it is possible to reduce or remove nonspecific staining reactions where excess dye is a contributing factor to these reactions; and (ii) the use of FITC of known purity allows for more precision in conjugation procedures since it may be employed as a defined entity. Curtain (1958) , in studies of electrophoresis of labeled globulin, has shown that globulin fractions most heavily labeled contribute most to nonspecific staining. Chadwick and Nairn (1960) have reported that conjugates prepared with fluorescein isocyanate and FITC contain unreacted fluorescent material which contributes both to specific and nonspecific staining; they suggest that the unreacted fluorescent material may be bound to protein by some means other than chemical combination. As Chadwick and Nairn point out, problems introduced by nonspecific staining will be relatively greater where low titer antiserum is employed for labeling.
With these factors in mind, a logical procedure for the preparation of satisfactory conjugates would seem to lie in the labeling of high titer antisera, or purified fractions thereof, at low dye-to-protein ratios. The most satisfactory labeling ratio would depend upon the particular immunological system under investigation.
ADDENDUM
After the present report was accepted for publication, an article by Goldstein, Slizys, and Chase (J. Exptl. Med. 114:89-110, 1961 ) appeared which describes a similar experience with crystalline FITC using another immunological system. 
